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NOT FOR PUBLIC RELEASE

. SURVEY
REVIEW OF REPORTS

SALEM HARBOR
MASSACHUSETTS

SYLLABUS

The Division Engineer finds that prospective benefiis are
sufficient to justify further improvement of Salem Harbor, Massw
achusetts, Hs recommends the modification of the existing projeoct
to provide for a channel 32 feet deep at mean low water and genere
ally 300 feet wide extending 1.5 miles from deep water in the oubter
harbor to the limit of the oxisting Federal project, sbout 1,500
feet off Salem Terminal Tharf, and for the removel of Mann Reok to .
" the same depth, contingent upon certain measures of looal cooperas
- tion inoluding provision by local interests of an adequate access
channel of the same depth to the existing terminal, all as shown on
the maps edoompanying this report. 7The estimated oost to the United
Stazga zn sl,loo,ooo for new work and $3,000 for annual maintenance
required.
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NOT FOR PUBLIC RELEASE -

. CORPS OF ENGINEERS, U. S ARMY
' OFFICE OF THE DIVISION ENGINEER
NEW ENGLAND DIVISION

BOSTON, MASS.

NEDGW ' 20 April 1956

SUBJECT: Survey (Review of Reports) of Selem Harbor,
Selem, Massachusetts.

TOs Chief of Engineers, Department of the Army,
Washington 25, De Ce

AUTHORITY

ls This report is submitted in complience with the follow-
ing resolution adopted June 17, 1948 by the Cormittee on Publie

Works of the House of Representatives, United States Congresst

YRESOLVED BY THE COMMITTEE ON PUBLIC WORKS
OF THE HOUSE OF REPRESENTATIVES, UNITED
STATES, Thet the Board of Engineers for
Rivers and Herbors be, and is hersby, re=

" quested to review the reports on Salem
Harbor, Massachusetts, printed in House
Document Numbered T0l, Seventy-sixth Con-

‘ gresg, Third Session, with a view to

determining if it is adviseble to modify
the ex;isting project in eny way at this
time,.'

2+ Pursusnt to the above authorization, a favorable preliminary
examination report was submitted by the Division Enginser March 23,
1950 rsocmmending a survey be made to determine the advisability and
cogt of any improvements whioch might be found to be justified and the
local cooperation required. The report of the Board of Engineera for
Rivers and Barbors was favorsble and recommendsd that a swrvey be mades

SCOPE OF SURVEY

3+« A review rsport of survey scope was assigned to the Now
England Division by letiter of the Chief of Engineers dated May 18, 1950.

. he In the preparation of this report, a detailed hydrogrephis
survey oonsisting of soundings and probings was made, from whioh the
oharaoter of the harbor bottom and estlmated quantities to be dredged
were determined. Availuble maps, oommerclal statistios and other data

perteining to the harbor have been studied., A publio hearing was held

ﬂlﬂ



ot Salem, Massachusetts on September 22, 1949, and information obw
‘tained therefrom is desoribed in Paragraphs 26 to 29 inclusive, of
this report. The information cbtained from the public hearing is
further supplemented by recent contaots with local interests and
correspondence submitted by them, and all additions or changes in
improvements requested subsequent to ‘the publie hearing are incor-
porated and oconsidered in this report.

DESCRIPTION

_ 'Be Salem Harbor is located sboult 12 miles northeast of

Boston Harbor end 1l miles southwest of Cape Anne It is the
largest of four harbors, Manchester, Beverly, Salem and Marblehead,
whioch are arms of a large irregular indentation in the shore of
¥assachusetis Bay. Salem Harbox extends in a southwesterly direc-
tion from the southwastern end of the indentetion, the harbor
proper being in the ocove hetween Marblehead peninsule and Salem
Neokese The Clty of Salem lies at the head of the harbor. 7The

inner harbor averages ebout 3/4 mile in width end about 1-1/2 milea
in length from the emtrance at Naugus Head. More than one<half the
- ares of the inner harbor is shallow, with depths renging froam 1 to
6 feet at mean low water. Numerous scatiered shoals having depths
of Ly to 6 feet also serve to limit other areas to shallow draft~
vessels. Direotly in front of the oity lie extensivs flats with
the 6é~-foot depth curve located 1,000 to 2,000 feet from the high
water line. Within the imner harbor is an eroa of sbout 130 nores i
with depths of 12 to 25 feet at mean low waler. Thore is also good
anchorage for vessels in the outer part of the outer harbor westward
of Bowditch Ledge and northward and easbward of Great Haste Island
where there are depths of 30 to L0 feet, and in & second anchorage
to the sastward of the entrance to Beverly Harbor and northward of
¥iddle Ground end the adjacent seaplene restrioted area, where there
are depths of 2L to 36 feot.

6« The water approach to the center of the City of Salem is
provided by South Riwver. The river is enterod from the west side
of Derby Wharf end extends about 3,000 feet tc the head of navigation
at lafayotte Street. An improved chennel in South River formerly
provided deptha of 10 feet at mean low water from the inner harbor to
a point opposite the lower end of Pickering Wharf, thence 8 feet deep
for an additional distonce of 1,400 feet upstream, thenoe 6 feet to
the head of navigabtion, Subssequent shoaling, however, has reduced
the usable depth of the channel at the entrance to less than 8 feet
and proportionately reduced upstream depths.

7+ The approach to Salem Harbor is by ohannels whioh pass
betwoon the islends, shoals, and ledges which lie hotweon Marblehead
Nook end Great Misery Island. The three prinoipal ohamnels are South
Channel, which is an extension of Marblehead Channel and leads along
‘the northern shore of the Marblehead peninsule direotly to the entrance
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to Salem Harbor proper; Cat Island Channel, whioh is the middle
ohannel and leade from the sea in a northerly direotion between
Cat Island and Eagle Xsland to ‘the outer harbori and the Main
Ship Chonnel, which is ‘the most northerly channel and leads in
a westorly direotion between Bakers and Great Misery Ielands from
the open ooean to the outer harbor. Deep-draft vessels use the
Main Ship Channele This is a natural chanmel with e depth of more
than 30 feet, extending to within one mile of the entrance of the
inner harbor at Naugus Head. From Naugus Heed the main ship chan-
nel continues about 1.7 miles to the Salem Terminal Wharf, with a
controlling depth of 2 feet and & width of 300 feet, This extent
of the Main Ship Channel includes the improved 25-foot Federal
Channel extending 1,500 feet from the 25-foot depth curve with a
width of about 300 feet to a point sbout 1,500 feet from the Salem
Terminal Wharf. A cheannel snd basin in extension of the Federal
Channel have been dredged by local interests to & depth of 25 feet
for a digtance of about 1,500 feet to the Salem Terminal Wharf.

8« The moan range of tide in Salem Harbor is 9,0 feet, and
the spring range is 10.l feet. The locality is shown on United
States Coast end Geodetic Survey Charts, Numbered 240, 241 and 1207,
and on the plan acoampanying this report. ‘

TRIBUTARY ARFA

9+ Salem, the county seat of Essex County, is one of the
oldest residential commumnities in Massaohusetts, and et one time
wes one of New Englendt's groatest seaports. It is the trading
center for a populetion of over 184,000 living in the North Shore
aree extending from Iynn to Cape frne. Nesrby cities end towns in-
clude Marblehead, Swampscobt, Pesbody, Denvers end Beverly. In
1950 Salem had & population of 41,880. As of Januery 1, 1954, the
assessed property valuetion emourted to $57,545,720. The genera=
tion of electric power at the Salem plant of the New England Power
Compeany represents e major unit of the New England power pool.
Monufeoturing, the principel industry of Salem, employes sbout 25
peroent of all workers employed in gainful occupations. Among the
prinelpal erticles menufactured sre electrlic end redio apparatus,
boote and shoes, leather, snd foundry and machine products.

10. Salem is served by the Boston and Maine Railroad end by
en excellent system of highways. It is looated 16 miles from down-
town Bostons Several bus and truck compenies operate over the highe

weys, providing direct service to Bosten, lawrence, Lowell, and
other cities.

- BRIDGES

Il. There are no bridges over Salem Harbor nor over its
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entrence channels South River is orossed by a munioipally-ocwmed g
highway bridge at Congress Street, sbout 700 yerds dowmstreem from
Iefeyette Street, the heed of navigetion. This bridge was suthor-

ized by an Aot of the Massachusetts Legislature approved August b,

1915 and July 2, 1917. It consists of a single swing span over ‘the
chermel, with a olesr opening for navigation of L3 feet and ver-

tiecal clearance in a closed position of 13 feet at mesn low water

and of L feet at moen high weter. The desired improvement does not

extend to this bridge and would entell no bridge alteration.

UNDERWATER UTILITIES

12, Salem Harbor is orossed by two sewer lines which pass
under the Main Ship Channel. They are operated by the South Essex
Sewerage Distrioct, with heedqusrters in Salem, and dispose of sewer-
age from the oities of Salem, Beverly, Peebody and the town of
Denvers. The lines are desoribed as follews:

(a) A SLeinch casteiron pipe force main extending
easterly from Juniper Point to e polnt about 300 feet southerly
from Great Haste Island, thence northeasterly sbout 1,500 feet to
‘the outlet. The section belew the Main Ship Channel is leid with
the tep of the pipe 35 feet below the plene of mean low waters. The
lire wnz completed in 1928.

(b) A 30einoch cast-iron pipe foree main extending -
from Jwmiper Cove, passing about 200 feot northeasterly of Abbot
Rook Beacon end comnecting with the Sheinch pipe at e point about
300 feet southerly from Great Heste Islend. The seotion below the
Medn Ship Channel is laid with the top of the pipe 31 feet below
the plene of meen low weter. The line was ocompleted in 1905.

PRIOR REPORTS

13. Selen Herbor hes been the subject of other 'reports. Per=
tinent date with reference to ‘the reports are shown in the following
tabulation: ‘ , '

“TWork Consldored and

Published In " Type of Report Recormendation
"House Exeoubive Dooument Survey Remove projecting rook
No. 60, Llst Congress, and olesr chamnel for
%rd Session -« 1871 8-foot depth to the

entrance to the South
River ~ Favorable

 Senate Exeoutife Doovment Survey Dredge e 300-foot wide

No. 25, li2nd Congress, . channel, 1,730 feet long,

3rd Session - 1873 8 feet deep from deep
_ water to the entrance of
South River, Construct a ==
seowell and breskweter for

the protection of Long Point -
- Favorable '



PRICOR REPORIS « Continuved

Published In

Type of Report

Work Congidered snd
Roocommendation

House Executive Dooument
No. 71, LBtk Congress,
2nd Session - 1885

House Exeoubive Doocuvment
¥oe 28, 5lst Congress,
1st Semsion = 1890,

Houge Dooument
No. 303, 568th Congress,
2nd Session - 1900x

House Doocument
¥o. 112, T0th congress,
1st Session =~ 1927*

Houne Doovment
Nos 701, 76th Congress,
%rd Session ~ 19L0x

Preliminary
Exemination

Preliminary

Exemination
and Survey

Prelinminary
Exeminetion

Proliminery
Exemination
and Survey

Preliminary
Exemination
and Survey

 Construct a jetty from

the mainland to deep
weter for the proteotion
of long Point -
Unfavorable

Clear appreech cheunel to
South River to originel
dimensiong, 300 feet wide
at entrence, 150 feet wide
off Derby Wharf Light,

8 feet deeps extend channel,
reducing width to 100 feet
nesr inner end of Derby
Wharf, and from thig point
excevate a channel 50 feet
wide, 6 feet doep to head
of navigation « Favoreble

Dredge o 10~foot chammel

b, 700 feet long fran the
Harbor to head of South
River, 300 feet wide et the
entrance, narrowing to 200
feet wide at Derby Wharf,
and thence full width of
channmel between wharves -
Favorable

Provision of a channel

- 85 feet deep, 300 feet wide

and 1,500 feet long, and
removal of shoal near
Abbot Roock Beacon -
Fevorable

Channel %0 feet deep to Salem
Terminal Corporatione. Extend
present 10-foot channel inte
South River. Bredge branch
ohamnels and anchorage besinea.
Dredge slips on South River -
Partially favorable



FRIOR REPORTS = Continued ~

Work Conaldered end

Published In ‘ Type of Report Recommendation
Unpublished 1950 Preliminery Raoonménded survey to
Exemination detormine the sdvisa=-

bility of modifying the
existing project to pro-
vide greater depths in

the Main Ship Channel and
in the South River Channel .-
Favorable

»H.D» 303/58/2, 112/70/1, 701/76/5 form the basis of the existing project.

EXISTING CORPS OF ENGINEERS PROJECT

1. Selem Barbor was first improved under the River end Harbor
Act of Merch 3, 1873, whioh authorized the dredging of en approach
channel to South River, 1,730 feet long, 300 feet wide, end 8 feet
deep at mesen low wabters. This work was oompleted at a cost of $25,000 -
in April 1875. '

15, The River and Harbor Aot of September 19, 1890 provided
for c¢learing out the epproasch chammel to South River to the original
dimensions, es dredged in 1873 - 1875, 300 fest wide et the entrance
and 150 feet wide off Derby Wharf{ Light, 8 feet deep at mean low
water, end for extending the channel with the same depth up the
South River, reducing its width gradually to 100 feset near the inner
end of Derby Wharf, end from that point dredging a ohannel 50 feet
- wide and 6 feet deep to the head of navigation at Lafayette Street.
This improvement was. completed in June 185k, at a oost of $27,368.66.

16. The total oost for the above desoribed previous projects
hes been $52,368.,66 for new work, with no costs for maintenance.

17« The existing project provides for a 25«foot channel in the
main herbor, 300 feet wide, extending sbout 1,500 feet from the 25w
foot depth curve in the Main Ship Channel to within about 1,500 feet
of the Selem Terminal Wharf; for the removal to the same depth of a
shoal near Abbot Rock Beacon; for a chennel in the approach to and
in the South River, 10 feel deep at mean low water from that depth
in the harbor to the upstresm end of Piokering Wharf, 300 feet wide
et the entrence, gradually nerrowing to 200 feet et Derby Wharf

wbom e



Light, thenoce 150 feet wide to the bend at tho outer end of Derby

- Wherf, thence about 90 feet wide to the bend near Central Wharf,
. thencoe 50 feet to the upstireem end of Plckering Wharf; and for a

brench channel on the east side of Derby Wharf 8 feet deep, 100
foet wide and approximetely 700 feet long, widening %o a besin of
the same depth 500 feet long and 200 feet wide. The River and
Harbor Act of March 3, 1905 (Howse Dooument No. 303, 58th Congress,

ond Session), provided the 10-foot chennel to a point opposite
" Derby Wherf Light; the River and Harbor Act of July %, 1930 (House
~ Dooument No. 112, 70th Congress, lst Session), provided the 25-

foot chermnel; snd the River and Harbor Act of March 2, 1945 (House
Dooument No. 701, 76th Congress, 3rd Session), provided the exten-
sion of the l0«f'oot chemmel in South River to Plokering Wharf and
the B=foot channel and basine.

18, The 10-foot channel has been partly dredged, the section
to a point opposite Derby Wherf ldght having been dredged in 1906.
This same section wes restored to project depth in 1915, Dredging
of ‘the 25~foot ocharmel was completed in 1931 and no maintensnce has
been performed to date, present ocontrolling deptha in the project

- chaonel being 24 feets The work remaining to complete the existing

project is the extension of the 10-~foot channel into South River and
the dredging of the 8-foot chammel and mooring basin on the east side
of Derby Wharf. The costs to date under the existing project have
been $57,130.9% of which §i8,087.91 was for new work snd £9,043.02
was for maintensnce. OFf these costs, $36,587.91 was for new work
ocosts of the Z5-foot chenmel. Total cosis to date on all projects
have been $109,499.59, of which $100,456.57 was for new work and
$9,0L3.02 for msintenance. The latest {195l) approved estimate for
annuel cost of mmintensmce is $6,000. This estimate is more than
edequate, the 25-foot chemnel not having required meintenance wmtil
recently since its completion in 1931.

IOCAL COOFERATION ON EXISTING AND PRIOR PROJECTS

19. The River and Harbor Act of July 3, 1930, authorized the
25«=foot chemmel in accordsnce with House Dooument No. 112, 70th Cone-
gress, lst Sesslion, which provided that locsel interssts shall give
esgurances satisfactory to the Ssorstery of the. Army that they will
dredge and maintain a connecting channol leading to the Salem Termi-
nal Wharf{, having a depth of not loss than that provided in the
Goverament channel, and that they will maintain a suitabla{}gg;;th;gg
space at the Wharf to a depth of not less than 28 feet at mean low
water. These requirements were met in 1931, the Salem Terminal Come
peny dredging 110,000 oubic yards et a cost of $65,000.

20, The River end Harbor Act of March 2, 1945 authorizes the
extension of the 10-foot channel in South River and the 8«foot chane
nel and basin in accordsnce with House Dooument Nos 70L, 76th Cone
gress, lst Session, whioch provides that looal interosts shall fur-
nlsh assurances satisfactory to the Seoretary of the Army that land-

ing facilities open to all on equal torms will be provided and main-
i



. tained, snd shall hold the United States free from damages that may et
regult irom ‘the ohannel improvement. Thege requirements have not
been med. S

OTHER TMPROVEMENTS

2l. Salem Harbor has beon improved by the Commonwealth of Mass-
achusetts, by loocal and private interosts, emd by the United States
~ Navy, as woll as ilmprovemont for general navigetion by the Federal
Govermmont. In 1909, the Commonwealth of Massachusetts supplemented
work completed in 1906 by the United States by extending the 8-foob
cshannel from the lower end of the Plckering Coal Compenyts Wharf for
s distanoce of 1,400 feot and a width of 50 to 75 feet, to within 200
feet of the head of navigation. Between 1913 and 1915, the Common-
woalth further supplemented this improvement by deepening the channel
to 10 feet at mean low water for a width of 90 feet from a point eboub
- opposite Derby Wharf Light to the upper end of Central Wharf. The
total expenditure by the Commonweslth of Massachusetis for improvement
and maintenance of this work wes $13,,62.66. In 1947, State and local
interests shared equally in the dredgling of s 5=foot channel end anchor
age in Palmer Cove at a ocost of about $53,500, and an 8«foot channel
" +0 Dionte Boat Yard, et a cost of about 38,200, Agein in 1954, the
Stete dredged a 6~foot channel end an S8-foot turning basin in Palmer
Cove at a cost of $33%,106.56, and wnder the same oombract dredged an
B=fo0ot channel and basin leading to Dionts boatyard in South Salem '
at a cost of $16,935412. In 1947 and 1948, the Department of the N
Navy dredged a basin 15 feet desp on the east side of Central Wharf, '
had sheet piling driven for a distance of 300 feet along the sast
wall, and dredged a basin 10 feet deep along the west side of the
wharfe ‘ .

22, I 192,=25 the Salem Terminal Corporation constructed lts
pier, end dredged an spproach chmmmel there ito 22 feat deep, with a
berth at the pier 72L feet long, 26 feet deep. The dredging in-
oluded removal of 271,000 oublc yards of material et a cost of
$130,000, The dredged material was deposited hydraulically on shore,
croating 9 aores of filled lande In 1931 the Salem Terminal Company
despened their channel'in fulfillment of requirements of local co-
operation as indicated in Paragraph 19 abeve. In 1951, the New
England Power Compeny. dredpged a 25~foot channel from the Federal
Chennoel to the Salem Terminal Wherf, end an area in fromt of the
wharf to & depth of 31 feet, rewoving 254,815 cubic yards of mate-

" rial abt a cost of $231,156.53. In additiom to the dredging, wharf

construotion was underteken in 1951 at a cost of $410,000. The

total local expenditures in conneotion with port development di-

rectly related to deep~draft shipping have smounted to $836,000,

inoluding the $65,000 expended in dredging in 1931 in fulfillment
of requirements of looal cooperation.



TERMINAL AND TRANSFER FACILYITIES

23, The extensively developed water-front of Salem Harbor,
whioch includes South River, is a little more than one mile in
oxtent and is owned for the,most pert by private individuals.

There are 9 wharves in this area, two of whioh belong to the
National Park Service, with one of these being used by the Depart-
nont of the Navy for a reserve training ocenter. There are 9 other
wharves in Salem Harbor whioch are loocated outside of the exten-
sively doveloped areae The terminal facillities in Salem Harbor are
listed in the following tebles -



TERMINAY, FACILITIES

Lt

Yemo and Iooation

Type of Construction

Bexrthing

Spaoce

Facilities

Uso

Salen Terminal
Wharf (Harbor)

Horth Shore
Petroleum (o.Ino.
(Barber)

¥illers Pler
{Baxrbor)

Derby Wharf
{03dest wharf in
TUnited Statesx)

(Harbor)

Central Whar!f
(South River)

111,

EXTENSIVELY DEVELOPED AREA

Steal pulkhead and earth
Bulkhead 677! leng-
12" ghest piling 50% long.
Wharf, timber piling end
wood deock in fromt of
bulkhead,

¥asonry retaining wall,
s0lid earth fill; ocon-
orete cap, 26%x10' timber
pile extension

Open pile and timber
deok

Stone retaining wall,
solid earth f£ill.

Pile and timber retaine
ing wall, solid earth
£i11, hard top surfaoe

George We Pickering Hauonry reteining wall,

Co«(South River)

s0lid earth f£ill, timber
pile and deck extension

700 feot, %1 fest
deep at mesn low
wa.‘bar.

7 feet, dry at

mean low water

None

LOO feet, 6 feot
desap st mean low
water

700 feet, 10 to
15 foet daep at
mean low water

523 feot, 10 feot
deep at mean low
wateor

«10-

B-ton coal unloading

bridge.

orsne. One 2-1/2 yd.

orane.
'brack.

Nonse

None

Yona

None

Ons 2-'_';!1 .

Railroed spur

Cormeroials Receipt end
storage of bitunminous
coal, fuel oil and kero-
gene. Open coal storage -
200,000 tons. ©1il stor-
age 750,000 barrels.

No waterborne traffie.
Recsipt by truck of
fuel olls and gasoline.
Storage capacity 10,000
barrels.

Private, Home on land
end snd summer house on
cuter ende.

A National Park.Cperated
by the Hational Park
Service. Small area used
by local lobstormen.

Owned by National Park

Servics, Oocupied by U.S.
Havy as a reserve train-
ing canter.,

Commeroiale Raceipt and

storage of petroleum .
products. Storage 10,000
barrels.

_—
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Selem Bay Transe
portation Co.
(South River)

JePelangmeid and
Sons (South River,

sbove Congress St.

Bridge)

Essex Counbty
Eleciric Co.
Yhard

{South River,
sbove Congresg St.
Bridge)

Palmer Cove
Yaoht Club

Fe Ju Dion

Boatyard
(Paimer Cove)

Pile and timber bulkhesad,
so0lid earth filled wharf
with floet and 2 ramps

¥asonry, bulkhead and
solid earth fill.

Masonry, bulkhead,
earth £ill.

100 feot Casoline service

350 feet, 2 feet None
deep at low water

500 feet longs
2 feet desp at
nean low water

Nona

OTHER DEVEIOPED AREAS

Y¥one

Timber snd pile bulkhead,
golid fill., 2-open pile
and timber plers with
narrow pile snd timbhsr
oatwalk and unloading

TanmD»

75 feot. Approach 1 Marine railway
channel 6! at for lj0~-foot boats
mean low water;

basin 8! at mean

low water

200 feetuApproach 2 Marine railways

channel and basin of 100-ton ocapacity

8t at mean low
water.

eaoch,

Private. For recraa=-
tional use., For mmall
craft.

Commerciale Receipt and
storage of lumber. At

present inaotive.

Private; open storage for
sboudt 15,000 tons of coaly
no direot receipts by
water. '

Camercisl. Boat sitorage,
L5 boats capasity.

Comerciale For building,
repairing and storing of
boats. Storage, 90 boats
capacity.



TERMINAL PACILITIES - Conbinuned

Keme end 'Loeatim

Type of Construction

Bertning
Space

Facllities

Use

" Walker-Cehill
Pior
{Juniper Cove)

Wolsht!s Boatyard
(Juniper Cove)

Dunn lobster
Company
(Juniper Cove}
Herrcm Pier
(Juniper Cove)

Selen Willows
Pier

Sslem THllows
Yecht Club

Open pile end timber
deck pier :

Opan: pile snd timber
deck pler

- Open pile and timber

deck pler
Open pile and timber
deck pier

Open pile end timber
deck pier

Open timber posts and
deck pier

OTHER DEVELOPED AREAS

100 feet

100 feot

50 feet

. 250 feet

100 feet along
each side

Bb fect along
each side

‘Marine rallway for

40-foot boats.

Marine railway for

Li0-foot boats.

Gesoline service

There sre no é‘i:orage warehouses et the port snd no facilities
for the public storage of btulk frelght.

-12=

Commerciale. Boatyard,
sales and storage, 70
beats cepacity.

Cormerecial. Boat stor-
age, 8 boats capacity.

Cormercisl. Receipt of
lobster ocatohese

Cormeroial. Recelpt of
lobster cetchesa

Recrestional. For small
boats.

Recreational. Smell
pleesure boatse




2, Analysis of the gbove tebulation of terminal facilities,
end of the cormercial stetistlcs for Salem Harbor, clesrly reveals
thet the overwhelming majority of the ccumeroe of the harbor is
received at the Saelem Terminel Wharf. This has been a natural de-
velopment, resulting in part from the locetion of the naturel deep
water channel Into the herbor, end in part from expenditures by
local interests of substantiel sums on dredging end wpon f£illing
Jand and improving the terminal facilities. At the time of the
edoption of the existing Federal 25-foot channel for Salem Harbor,
the 1dentity of the noeds of the harbor end the needs of the then
Salem Terminel Corporation was recognized, but it was believed that
such a charmel might be extended at some future time to serve the
waterfront betwoen the Salem Terminel Wharf end Derby Wharf. The
unforeseen modern growth of oll and ceal commerce, and the failure
of other types of commerce to develop at Salem, however, heve made
it more economical to expand facilities at a single wherf which al=-
ready enjoyed relatively deep water facilities, rather than to de-
velop additional deep water terminals, with expensive berthing,
handlinp, end storage feoilitiean, The Salem Terminal Wherf has
therefore become e "through-put", or wnloading and temporary store
age terminel serving other distributors of fuel as well as the
owvners ‘themselves.

INFROVEMENTS DESIRED

25. A public hearing wes held at Selem, Massachusetts, on
Septexber 22, 1949, to determine the nature snd extent of the modi-
fication of the existing project desired by looal interests, and to
afford an opportunity for all parties concerned to express their
opinions end views. Thore were present at the hearing the repre-
sentatives of the looal Congressional District snd representetives
of the United States Navy, the National Park Service, the Cormen-
wealth of Massachusetts, the eity of Salem, Salem Chember of Comrmeroce,
New Englend Power Compeny, the Pocehontas Fuel Compeny, Incorporated,
the George W. Pickering Company, the Pooshontas Stesmship Company, and
the Boston Fuel Iransportetion Compesny, Incorporated, as well as other
interested perties.

: 26, The improvements desired, as determined at the heering, were
the modification of the existing project to provide greater depths in
the Main Ship Channel and the chammel in South River. Orns modificatiom
desired wvms that the completed 300«foot wide, 25-foot deop Main Ship
Chanriel be deepened to 30~feet and exbtended to within 100 feet of the

Selen Terminal Wherf. A second modificetion desired wae that the
prertially oompleted 10~foot chenmel in the South River be deepened to
1, feet from that depth in the harbor to the upstresm end of Pickerw
ing Wharfs It was also desired that additional lighted ohammel
markers be pleced to allow safe navigation at night as well as day.
The prinoipal erguments advensed by the proponents of the improve~
ments were conocerned with the trensportetion of petroleum produots
and cosl,
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' 27. The representative of the New England Power Compeny stated
that the operation of the new fuel burning electrio genersting plent
located at Salem Herbor will require substantial quantities of water-
borne fuel. An inoreass in chemnel depth from 25 feet to 30 feet
would result in substantiel savings in the cost of fuel delivered to
the generating plant, sinoce it would permit the use of modern deep
draft vessels,

28. The representative of the George We Piokering Compeny adveooated
the deepening of the South River Channel to 1} feet at meen low water fram
that depth in the herbor to the upstream end of Plcokering Wherfs VTessel
owmers were stated to be inoreasingly reluctant to discharge cargoes at
the Piokering Wherf which is now used for the receipt of distillate fuel
- 0il. The reoeipt of coel has been discontinued at this wharf., The Plcker-
ing Compeny's inberest in the Main Ship Channel gtems from the fact that
this company presently distributes bituminous ocoal from the Salem Tor=
minal Wharf to customers throughout the sres. Because of the industriel
denand of the area served by this compeny it is importent that the maxi-
mum usée of the chemmel be made by modern deep~draft eollierse

29+ The representative of the Boston Fuel Trensportetion Compeny,
- Incorporated, desoribed the difficulties in navigeting the South River
Chennel to the Pickering Wharf. The vesasels of this compeny are re-
strioted to the period of high water when navigating the South River.
The trensportation rates by water ere not based om mileage bubt on the
time involved, and a# a consequence the transportation charges for -
Selem Herbor are equal to those for points whieh are at much grester -
distance but are nob affected by tidal delays.

30. Subsequemt oconferences with locel inbterests reveal that the
dozired improvements have undergone a chenge. lLoosl interests now re-
quest that the Main Ship Channel be deepened to more than 30 feet,
rether than just to 30 feet, in order to facilitate navigetion of
the chevmel to the Selem Terminal Wharf by the modern 11,000 ton col-
liers and T-2 type and super-tankers. Looal interests prefer e depth
of 35 feet, or ag a seoond choice, 32 feet. All deep draft vessels
must presently enter the channel two hours prior to high tide to in-
sure safe transit, though not without diffioulty, to the wharf. Petro-
leum products for genersl distribution aend coal for the new 160,000 K.We
Electrice Power Station, recently oconstruocted adjacent to the channel,
are water-borne to the Selem Terminal Wharf. There would be transpor=-
tation savings if 1t were posalble for the deeper~draft vessels to use
~ the channel to the wharf withoubt serious delays.

31, Looel interests no longer request the deepening of the South
River chemmnel. Local interests now request merely that the South River
oharmel be oompleted and maintained to the authorized project depth of
10 Toet at meon low water up to the Pickering Wharfs Such completion
of the L0~foot channel end its maintenance would materielly aid the
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propent sondition, since the majority of tenkers now in usé in this
. chaxmel drew © to 12 feet of watere Present channel conditions al-

~ low only high water navigation by the vessels using the river to the
Plokexring Wharf. '

52. looal interests have requested the removal of Mann Rock,
although differences of opinion heve been expressed as to the neces-
sity or relative importance of its removel. This rock eree, with
20 feot of water cover it at low water, is looated about 0,5 mile east
of Juniper Point. It is neerly in the track of vessels epproeching -
Salem Harbor, and is msrked by a lighted buoye.

33. Llocal interests are still deeirous of heving additional
lighted chamnel markers placed for night navigation. Some impreve-
ments have been made by the addition of lighted buecys marking the
channel, ’

. 34, loonl interests have stated that the expsnding fish induse -
try of thé surrounding aree hes made necessary the oonstruction of
a state pier et Selem Harbor. Howsver, no ection hag been taken by
the Commonwealth of Massachusetts to inltiate a state pier project.

COMMERCE

35. The trensportation of petroleum products and occal consti-
tute the principal items of weterborme occmmerce in Salem Harbor at
the present time. The tonnage handled during the lO-yeer period
1946 through 1955 is indicated in the following tebulations

COMPARATIVE STATEMERT OF‘TRAFFIC « SALEM HARBOR
Commodity (tons)

Your Conl 0il Miso,. Total Tonnagg_
|
9L6. 339,560 39,994 - 379,57
1947 207,315 46,655 L. 355,970
1548 334,47 39,382 - 375,653
1oho 165,839 3T7s135 316 203,290
1950 207a039 . 5493322 - 25633711-
1551 210,852 65,3 26 276,232
1952 85,068 257,678 119 &,2,865
195 50,799 L27,274 LéT 858,540
19 487,326 562,000 - 1,049,326
1955 575,999 60l;,1%8 - 1,180,137

The coal coxmerce of 576,000 tons is more than double the average
coel commerce of 1946 « 1950 inolusive, and represents an increase
in sanual tonnege of over 300,000 temse The present coal ccmmerce
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is primarily due to the sonstruction of the power plent at Selem,
‘the former ocal commerce having diminished to a fraction of its
former volume. The inorease in oll ccmmerce ie muoh more spec~
teaoculare The oll commeroce in 19%5 is over 600,000 tons, which is
over 1l times the wvolume handled in 1946 - 1950 inclusive, and
roprogents an inorsase in ammuel tonnage ef over 550,000 tense.
 About L0 percent of this inorease is due to shifting of commerocial
denand from ccal to oll, and the remainder is due both to normal
oexpansion in demend and to oapture of a lerge market by reason of
more direct and eoonamioal delivery in modern tenkers to Salem
Harbor .«

%36, The average oil commerce over the 1lif'e of the project is
estimated at 50 percent greater thenm present tonnage. This estimate
is oxolusive of the new power plent which is built to use elther coal.
or olle The estimates of future oil and ooal commerce are based on
the sssumed oontinuation of the use of coal by the power plant. The
present production of the power plent is estimated at 1,275,000,000
XWH, snd it is estimated that plermed plent expansion will increase
‘this power production to 2,100,000,000 KWH in 1958, to 3,500,000,000
.TNH in 1963 and to ebout 4,600, 000,000 KVH further in the future.
These expensions in plent ocapebllity end output would inorease the
coel commerce for the utility from about 450,000 tons st present to
835,000 toms in 1958, 1,225,000 in 1963, end 1,615,000 tons in the
fubtures The annual coal tonnages, thus inoreased 585,000 tons for
each power plant expansion, averaged over the life of the project
ropresent aggregate average annuel increesea over present coal tone
nege of 385,000 tons, 770,000 tons, snd 1,025,000 tons. If the
utility oonverted to oil, the tonnsge increases would be about 75
percent of these figures.

VESSEL TRAFFIC

37. Vessel statistios for 195l show a total of 85 vessels
utilized the channel to unloed or load their cergo, as showm in the
following tebulation:

16w



SALEM HARBOR, MASS.

Vessel Treffio

Draft
(in feet) 1949 1950 1951 1952 1953 1954

coal oil Tobal

31 e ee e = 7 -- 1 1
29 - ma 11 22 36 15 51
28 1 8 3 7 2 L3 7
2? 5 L'- - - 2 1 L -~ - - -
26 2 - - L] - - LI - - . - o
gﬁ - - - - 2 1 1 - - - - - -
1 15 13 - 3 e 31 31
23 7 2 2 2 2 em me am
22 ‘ 10 - - - - 1 L'. - - - - - -
21 5 - - - - - e 5 - - L L
20 ~e ea s 5 7 em e -
Leaa than
0t 1735 1902 975 2709 2307 ko 27 67
Total he 1932 1odh 2766 2390 80 8 16
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38, The 16D vessel-trips in the ohemnel in 195 included rounde ~

trips of [0 colliers end 31 dsep-draft tenkers and oil barges. . The

. oolliers listed have a length of ebout 455 feet, a loaded draft of

about 29 feet and s oargo ocapaociby of about 11,000 tons. The tankers
oarrying the bulk of the petrolewn commeras are generally of the T-2

type with & length of 523 fee}, londed dreft of about 50 feet, and a

cargo capacity of 16,500 tons. The drafts of the vessels as stated

herein are the normal loadad drafts at the dook.

DIFFICULTIES ATTENDING NAVIGATION

53¢ The diffioulties attending navigation are those of inede-
quate depths in the channel and maneuvering area, The main ship
ehaunel has shoaled along ite edges to 22 and 24 feet in the visinity
of Fort Filckering ILighb; and the shoals have become a hagzard to the
voasals now using thig chennel,

LO. Mann Roock, with 20 feet of water over it at low water, is
located about 0.5 mlle east of Junlper Pointe It is nearly in the
track of vessels approaching Salem Harbor, and is msrked by & lighted
buoye. It is named aftter the Isaac T Menn, a oollier which struck it
end suffered severe demage in 1930, '

' 41l. The charmel in the South River has shoaled to the extent
that vessels oan reach the Piokering Wharf only at high tide. The
controlling depth is shout 5§ feeot, although & depth of 8 feet prewvails
for half the ohammel width, end the average depth is about 9 feet.

WATER POWER AND OTHER SFECIAL SUBJECTS

L2, The waterway is tidale. MNatters of water power or flood
control ere not pertinent to this report. None of the work ocontem
plated would have an adverse effest on wildlife or shellfish.

PLAN OF IMPROVEMENT

43+ Consideration has been given to providing, in lieu of the
exiating 25~foot channel 1500 feet in length, & channel 300 feet wide,
and either 30, 52, or 35 feet deep, lui, 1.5 or 3.3 miles in length
respeotively, leading to e derminal approach channel and maneuvering
area of simllar depth in the wvilcinity of the Salem Terminal Wharf,
Inolusion within the Federal projeoct of the approaoh ohannel to the
existing terninel wharf as propesed by looal Interesta, would be cone
trary to Federal polliey that such approach channels are the responsi-
bility of ths terminal owners. Therefore the plam of improvement
herein oonsidered is besed on the line of demarcation between the
Foderal chamnel and lcoal approach chennel as previously established
and whioh marks the prosent limit of the Federal project. The alterw
native depths considered would reduce tidal delays now inourred by the
deep-draft shipping in the harbor, whioh is all concentrated in this
ares of the harbor. The redustions in delays inocurred, end shipping
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ocosts ococasioned thereby, proportionately inorease with the increased
channe) depth under consideration, and would be entirely eliminated

~ for ships up to 20-foot draft by a ohannel of 35-foot depthe. Similaxrly
a channel of 32 or 35-foot depth would better serve future petrolewm
commerce which looal interests anticipate will de carried in superw
tankers of 32 to 3L~foot draft.

Lh. The need for and loeation of a maneuvering area and turning
bazin has beon given considerable study. The entire deep~draft ocom=
mercs of Salem Harboxr is concentreted at the Salem Terminal Vharf.
The history of the past quarter century and the best forecast for the
future is that the commerce will continue to be congentrated in ‘this
aross Therefors the meneuvering area already dredged by local in-
“tereats off the Salem Terminal appears to be in the most desirable
looation.

L5. The South Essex Sewerage District owns two sewers which
oross the Federal ohennel, one a 30~inch sower et an elevation
31 feot below mean lew water, the other a Sh-inch sewer at an ele~
vation 25 feet bolow mean low wators The Sewerage Distriot has
determined that no albteration of elther sewsr would be nscessitated
. by despening the exietlng channel to a depth of 20 feet. However
the Sewerage Distrlet does estimate a contingenoy allowance for
possible damage to the 30«inch line in view of the olose relatione
‘ship of the pipe elewvation and the proposed channel depthes The
Sewerage Distriet considers that provision of a channel 32 feet
deep would raquire lowering of the 30-inch sewer, but no alteration
of the Sl-inoch sewer, whereas provision of a channel 25 feet deep
would require lowering of both sewer lines. The Sewerage District
indicates that the Town and Cities of the District would probably
be opposed to this last alternative, if the Distrioct were required
to bear the heavier cost ooccasioned thereby.

L6« Conssideration has been given to the proposed improvement
of the South River chammel. Although at the time of the publie
hearing in 1949 = desire was expressed for deepening of the South

River channel from the presently authorized depth of 10 feet to a
depth of 1l feet, recent discussions with the only ocommercial shipe
per located on the channel indicate that the existing projeot would
be satisfactory if completed and maintained to full project dimen-
slons. '

L47. Consideration has been given to the proposal of local
interests for harbor improvements in comnection with oonatruction
of a state pier at Salem Harbor. However the need for such an over=
all harbor development has not been demonstrated, and a project for

_construction of a state pier has not been initiated by the Comon-
wealth of Massachusetis,.
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SHORE LINE EFFECIS

L48. The existing Main Ship Channel and the ohannel in the
South River have had no appareat effeoct upon the shore lins of
Salea Harbor. The deepening and extensiom of the Main Ship Channel
will have no effeot on the adjacont shore lines. The preosently
authorized 10-foot project for South River contains the provision
that no drodging shall be done within 50 feet of any wharf or struce
tures As a chammel of 10-foot depth had been dredged in South River
by the Commonwealth of Massaochusetts in 1913-1915, its re-dredgine;
-now should not adverasly affeot the adjacent shores.

AXIDS TC NAVIGATION

L9, The United States Coast Guard has been consulted in regard
. %o eateblishing sids to navigation. They have stated that no addition-
al aids will be necessary, as the work will regquire only relooating the
oxisting alds when the improvement is accomplished. No cost will be
involved.

ESTIMATES OF FIRST COST

50. Estimates of cost have been prepared for the three plans
of improvement oconsldered. These costs have boen estimated on the
basis of the layout as requested by local interests, whieh inolude
-that portion of the existing project which relates to the Main Ship
Channel, and is based on following the nabural chamnnel now traversed
by harbor navigation. However, dredging ocosts are allocated to the
United States and to loeal Interssts in acoordance with the separatiom
between Federal project channel and loeal approach channel as pres-
ently established. Dredging guantities for the main channel are in
terms of plece measurement and provide for dredging to the propoaed
projoct depth in ordinery material, plus an allowanoe of two feet of
overdepthe Side-~slopes of 1 on 3 were used in the estimates. The
unit prices on new work are based on prices prevailing in March 1956
and on romoval of material by contract dredging, using e bucket dredge,
with disposal of dredged material in deep weter at_the public dumping
ground in Massachusetts Bey. The estimated costa of sewer modifica-
“¢Iond are based on estimetes furnished by the South Essex Sewerage
District. The estimated costs of the various considered improvements
include allowanoces f'or contingencies snd engineering, Inspections, and
 overhead. These estimated costs are set forth below:
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Ao

B.

C,

Estimated Cost of 30-foot Chammel

1.

3.

Federal ~ To upstream limit of existing Federal project

. Dredging 590,000 cubic yards at avout.$1.30 %770,000

b. Removal of Jann Rock to 30-foot dept ‘ 10,000

¢+ Total Federal Cost : $780, 000
. Non—r'ederal

)
8. Wharf Approach Channel and Mansuvering Area -

Dredging 190,000 cubic yards at about $1.30 £ 250,000
L. Tharf and berth improvements 0
So Contingency allowance for damages to 30M

sewer (ownar) 20,000
d, Total Non-Federal Cost . 5 270,000
Total Cost ' $1,050,000

Estimated Cost of 32-Foot Channel

1,

3.

fedeéral - To upstrean limit of existing Federal projaect

a. Dredping 835,000 cubic yards at about 41,30 1,085,000
b. Removal of Yann llock to 32-foot depth 15,000
G

Total Federal Cost : $1,109,020
Hfon—i'ederal |

&« Wharf Approach Channel and lianeuvering Area -~

Dredging 255,000 cubic yards at about #1.30 ¢ 330,000
b. "Thar{ and berth improvements 10,000
¢. Lowering 30-~foot sewer (owner) 115,000
d+ Total Non-federal Cosi 455,000
Total Gost, ' #1,555,000

watimated Cost of 35-foot Chammal

L.

¥Faderal ~ To upstroam limit of sxisting Federal project

A, Dredging 1,460,000 cubic yards at about 1,15 1,680,000

b. Removal of Mann Reck to 35-foot depth 20,000
&. Total Federal Cost £11,700,000
=21~



2+ Non-¥ederal

» Wharf Approach Channel and Maheuveriﬁg Area -~
Dredging 370,000 cubic yards at about £1.15 % 425,000

1o

b Wharf and berth improvements 25,000

&+ Lowering both 30% and 54" sewaers 325,000

d. Total Non-Federal Cost & 775,000
‘3, Total Cost 82,475,000

ESTINATES OF ANNUAL CHAPGES

51. The gstimated annual carrying charpes have been computed on
an assumed project life of 50 years with an interest rate of 24 par-
cant on Federal arnd non—Fedsral public investment and 4 percent on
private irvestment. The maintenance coai shown is the additional
maintenance which will bé required for the inmproved channel, in ex=—
cess of that now required by the existing project. The annusl carrying
charges are summarized in the following tablae: : :

35-Foot Channel

30-Foot Channel 32~Foot Channal

(1) Federal Investment
(a) Construction
Cost (Corps

of Spgineers) (780, 000 11,100,000 $1,700, 000
(b} Aids to Navi=-

gation (Coast

Guard ) 0 0 0
(c) Total Federal

Investment £780, 000 1,100, 000 £1,700, 000

(2) Federal Annual Carryving Charcos

(a) Interest % 19,500 & 27,500 & 42,500
(b) Amortization 8,000 11,300 17,400
(c) Additional. annual

channel maintenance 2,§OO ) 3,200 5,200
(d) Total Federal '

Annual Carry— :

ing Charges % 30,000 42,000 $ 65,000

(3) Non-Fedsral Investmnnt

{a) Public .

1. Sevier § 20,000 % 115,000 $ 325,000
(b) Frivate :

1, Apnroach

Chamnel 250,000 330,000 425,000
2. .‘;fharf and
berth : : 0 10,000 '25,000
3. Total private ff??ﬁjﬁﬁﬁ 370, 000 450,000

(¢) Total Non=Féderal

Invesiment § 270,000
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30-Foot Channel 32=Foot Channsl 35-Foot Channel

 (4) Non—Federal Annual Carrying Charges
{a) Interest on Item

3(a) % 500 $ 2,900 $ 8,100
(b) Interest on Item . :

3(b) , 10,000 13,600 . 18,000
(¢} Amortization on ' '

Ttem 3(a) 200 1,200 3,300
(d) imortization on . : ,

Item 3(b) 1,600 2,200 2,800

() Total Non-Federal
Annual. Carrying
Charges $12,300 $19,900 $32,200 .

(5) Total Annual Carrying Charges
- (a) Federal Annual

Carrying Charge  $30,000 #42,000 £65,000
(b) Non~Federal : ' .

innual Garry-

ing Charge ' '

1, Public 700 44100 11,400

2, Private 11,600 15,800 20,800 -

3. Total £12,300 #19,900 £32,200
(c) Total Arnmual :

Carrying

Chargas 42,300 £61,900 £917,200

ESTIMATES O RElar 1TS

52. The irrrovement of Salem Harbor will be of material benefit
to the desp draft shipping of coal and oil which constitutes the over-
whelming majority of the present and ovrospective commerce of Salesm
Harbor. Tha proposaed Yain Ship Channgl deapaning will eliminate or
reduce tidal delays incurred between deep water in the outer harbor
and the S5alem Terminal Wharf, which serves as a "through-put" terminal
for all the deep draft shipping in the harbor. Tidal delsys now
oxperienced result from inadequate chamnel depths for the types of
vessels now using the harbor. Inasmuch as the Salem Terminal. Wharf
receives oil destined for genoral distribution and consumption, and
coal destined principally for use at the Mew England Povier Companyls
recently constructed ncarby power plant, all henefits accruing from
the improvemsnt to the upstream limit of tle Federal project are
" considerad to be of a ganeral natura,
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53, The coal and oil received at the Salem Terminal Wharf is
. carrded in desep-draft colliers and tankers. The colliers have &

- length of sbout 455 feet, a draft of about 29 feet and a cargo

. capacity of about 11, OOO tons. About half the receipts are imports,
and the remainder are domestic receipts. The tankers carrying the
bulk of the petroleum commerce are generally of the T-2 type with
a length of about 523 feet, loaded draft of about 30 feet, and a
capacity of about 16,500 tona. The drafts of thess vessels as -
stated are the normal loaded drafts at the dock. (il is deliversd
%0 the Pickering Wharf on Scuth Liver in small tankers and barges
with drafts of ¢ to 12 feet., These latter vesscls are not affected
by shoal conditions in the main ship channal.

54. The deep~draft colliers and tankers teke maximum benefit
of the 9=Loot tidal range and usually limit theolr navization in
the harbor to two hours tefore and one hour after slack high water,
at which period thers is 7 to 9 feet of additional chenmnsl depth,
4t this stage of the tide the 25=Loot project affords a channel 32
to 34 Teet deeps For sale navigation, berths should be 2 foet and

“channals 5 feet dseper than the registered loaded drafts of the
classas of ships concernsd. In the present main ship chammel at
Salsm Harbor even at the hlgher tidal stapes there is only 2 to
4, feet of navigation depth in excees of the 30-Toot draft of the
ships now using the channsl,  This cleal ance is not adequate to
allow for the various factors affeccting ship navigation, such as
unaven loading, squat underway, clearance undsr the kesl for
mensuverability, minus tides or tidea lowar than average, and
lack of full project depth pending channel maintenance at in-
freguent intervals. Ths chamnel presently used has shoaled to
a controlling depth of 24 fest, The vessol traffic is now
operating at the highest stazes of the tide with lsss than ade-
guate channel depth, a hazardous condition which will be inten-—
sified by further shealing of the chamel,

55. The waterborne coal and. oil commerce has incresased from
about 260,000 tons in 1951 to over 1,180,000 tons in 1955, This
increase is in part due to ths censtruction of the new power plant
of 160,000 K. capacity at Salom Harbor by the New England Power
Company and in part to increased oil consumption and a changed
pattern of oil distribution, 4t the present time expansion of
- the power plant iz heing plarmed whlen will regult in further
increased comuerce in coal,



' The power plant construction schedvle is as follows:

Wxpansion Total Capacity
Present capacity - 160,000 kw
1958 Expansion . 140,000 kw 300,000 kw
1963 Expansion 140,000 kw 440,000 X
1975 Txpansion : 140,000 kv 580,000 kw

Ground was broken March 28, 1956 for the 1958 unit. Studles of the
growth of power demand in New Encland verify the need for the planned
expansions of the power plant, Studies of the conmumption of petro-
leum products in the region indicate an expansion in that commerce

averaging at least 50 percent over the life of the project. The

estimated averave annual commerce in coal and oil over the life

of the project is arrived at as indicated in the followine table:

Annuval Harbor Commerce in Tons

Power Plant on Coal

Potrer General Commercial
Plant Distribution Totals
Coal Coal 01l Total Coal 0il
Present capacity 450,000 100,000 900,000 1,000,000 550,000 $00,000
of power plani
Expsnsion in 1958
to 300,000 kw 835,00C 100,000 900,000 1,000,000 935,000 $00,000
Expansion in 1963
to 440,000 kw 1,170,000 100,000 900,000 1,000,0001,270,000 900,000
Further future
expansion to
580,000 kw 1,475,000 100,000 900,000 1,000,0001,575,000 900,000
' Power Plant on 0il
Pover General Commercial
Plant Nistritution Totals
0l Coal 0il Total Coal Gil
Present capacity ‘
of power plant 335,000 100,700 900,000 1,000,000  100,00C 1,235,000
Expansion in 1958
to 300,000 i 625,000 100,000 900,000 1,000,000 100,000 1,525,000
Expansion in 1963
to Lhh0,000 kw 920,000 100,000 ©00,000 1,000,000 100,006 1,820,000
Further future
expansion to '
580,000 ku 1,210,000 100,000 900,000 1,000,000 2,110,000 2,210,000
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56, Varying amounts of vessel traffic would be required tec carry
the annual commerce under the various alternative conditlons of powsr
plant expansion described in the previous paragraph. These estimated
future treffic figures are derived by dividing the commerce figures by
" the fully loaded capacities of the modern colliers and tankers. The
future average ammual vesssl traffic, computed for both alternatives
of the power plambuse of either coal or oil as a fuel, would be as
follows: -

Povier Plant on Coal

Round Trips
TR
Colliers Tankers Total
Present Capacity of power plant . 50 54 104
Expansion in 1958 to 300,000 kw 85 54 139
Expansion in 1963 to 440,000 kw 115 54, 169
‘Expansion in 1975 to 580,000 kw 43 54 197

Power PPlant on (41

Round Trips
Tem2 ‘
ColliersTankers Total
Present Capacity of power plant 9 74 &3
Expansion in 1958 to 300,000 kw 9 o2 101
Expansion in 1963 to 440,000 kw 9 108 117
Expansion in.1975 to 580,000 kw 9 121 130

57. Local interests have stiated their {irm convicticon that future
petroleum commerce will:be carrisd largely in super-tankers of 32 to
34 foot draft. For this reason local opinion is that the channsl ghould
be deepenad to 32 or 35 feet in anticipation of this transition in type
of shipping., The view of the shippers is that a 30-foot channel would
in a few years be relatively as inadequate for supsr~tanker traffic as
the presemt 25-foot chamnel is for T2 tanker traffic. Recont tank
ship construction has been pradominantly of ihe super—tanker class.
Therefore, the bulk of tanker capacity afloat will graduwally shift
to larger than the T=2 tanker si%s, Kstlmates in this report have
been made both on the basis of petrolsum commerce carried entirely in
T-2 tankers and carried half in T-2 tankers and half in 28,000 ton
super-tankers of 32-foot draft. Under the lalter condition, the
table of vessel trips in the preceding paragraph would be revised to
show half as many T~2 tanker trips, and the T-2 tanker trips cut out
would be raeplacsd by 60 percent of that numbsr of supsr-tanker trips,
the T-2 having a capacity 60'percant that. of the 28,000 ton supor-~
tanker. It should be noted that the tables following do not indicate

w26~



super-tanker traffic on a channsl 25-feet deep, the depth of the
existing project, such traffic being considered entirely im-
practicable

58, Tha average tidal delay incurred by the colliers and
tankers, under the various conditions of channel depth considered,
are as follows:

Colliers 20-Foot Draft  Deplth Recuired 3/ feet

&) (2) (3) . (4) : (5)
Channel Tide  Maximum Delay,(a) Av. Delay Av. Delay all

Depth Reg*d inecl. transit for delsyad vessels
(in feet) time (b) vessals
(In hours)
(3 x Cole 3) (Cole 3 x Col, 4)
12,4 hrs (d)
: Hours . Hours
25(Existing 8(c)} 10,2 5.3 0.2 5.1 5 4.2
Project) L2 o4
02 31 T 1.5
| 30 A 4 6.2 3.1 g X
3R 2 443 2.1 Aed 2.1 7 0.7
1264
35 0 0 0 0
T2 Tankers
Inbound 30-Foot Iraft Lepth Dequired 35 feet
T (@) () @) )
Channel Tide  Maximum Delay,(a} 4v. Dslay Av. Delay all
Depth Rea'd incl. transit for delayed vessels
(in feet) time (b) vessels _
(3 x Col. 3) (Col. 3 x Col, 4)
_ 12.4 hrs
‘ Hours lours Hours
25 (Bxisting 8 10,2 541 10.2 . 5.1 2 T3
Project) 124
| . 7.1 = 2
30 i 5 701 305 1204 X 305 r-‘-l
32 3 53 246 ""'5-!2' X Reb = 1,1
: 12,4
35 0 0 0 | 0

(a) Scaled from tide curve,
(b) Trensit time equals 0,5 hour,

(¢) Inadequate, but maximum tide allowance available,
(d) 1244 hrs = length of tidal cyclo.
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T~2 Tankers ‘ :
24-Foot Draft Depth Reguired 29 feetl

Qutbound : :
(1) (2) (3) (4) (5)
Channel Tide Maximum Dalay,{a) Av. Delay Av, Delay all
Pepth Req'd incl. transit for delayed vessels
(in feat) =~ = time (b) vassels
(3 x Col. 3) (Col. 3 x Col, 4)
: . 12.4 hrs
oo _ Hours . Hours _Hours
25(Existing 4 - T6.2 3.1 L2 3.1 5 1.5
project) 124
30 0
Total T2 Tanker Average Delay, Inbound and Outbound
| . Inbound  Outbound  Total
Channel Depth Dalay Dalay Dalay
25 (Existing project) 442 1.5 547
30 ' 2.1 0 2.1
32 - 1.1 0 1.1
35 ' 0 ¢ 0
Super~Tankers
Inbound - 32=Foot Draft Dapth Required 37 feet
(1) (2) (3) (4) (5)

Channel Tide  Maximum Delay,(a) Av. Delay Av. Delay all
Depth  Req'd incl, transit = far delaysd vessels

(in feet) time vassels
(Z % Cols 3) (Cols 3 x Cols 4)
12,7 hrs
25
30 7 | | 3,2
32 5 ' : 2.1
35 2 | 0.7
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Supar~Tankers

Outbound 206-Foot Draft Depth Reguired 31 feet
(1) (=) (3) (4) (5)
Channel Tide Maximum Delay Av. Delay Av, Delay all
Dapth - EReq'd incl, transit for delgyed vegygals
(in feet) time ‘ vegsels
(% x Cols 3) (Col. 3 x Col, 4)
. 12.4 hrs
25 -
30 1 0.4
32 0 -
35 0 -

Total Super~Tanker iverace Delay, Inbound and Outbound

Channzl Depth Inbound Outbouri Total
Delay De Lagr Dalay

25

30 3.2 044 346

32 | 2.1 0.0 2.1

35 - 0.7 0.0 0.7



53+ These tidal delays represent transportation oosis depend-
ent upon the hourly cost of the vessels conocorned. It is estimated
that the average hourly costs at price levels prevailing in the
apring of 1956 for the olasses of shipping using or that will use
-8alenm Herbor over the life of the projeot are as follows:

Colliers - _ £$120
T»2 Tankers 175
Super Tenkers 2,0

For the oocal colliers and tankers using Salem Harbor, the tidal
delays indiocated in the previous tables at the hourly costs for the
" typo of ship concerned represent that part of the future annual
transportation cost for this shipping due solely to existing channel
limitations. -

60, Provision of a chanmnel 30, 32, or 35 feet in depth instead

of the present ohamnel of 25 feet will reduce tidal delays as shown

- in the following tebles.. These tebles are based on the planmned expan-
sion of the power plant and includes also the expanded genersl commerce -
in coal and petroleum. The first table is based on the petroleum com~
merce being oarried entirely in T2 tenkers, the second is based on the
potroloum belng carried helf in T-2 tankers and half in larger tenkeras,
of 28,000 ton capaociby, 32-foot draft.
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ROWER PLANT ON COAL

SALEM HARBOR, MASS, = ESTIMATE OF TIDAL DELAY BENEFITS

PETROLEUM TRAFFIC ENTIRELY IN TeZ TANKERS

FOWER PLANT ON UIL

Touer Flant sy——Jonerel Distributon .. coal Total Comeros el | Ewer Rt o DAY Commerce Total
I & . a e —— ot d —ca wusitris
p - E Tons Trips Tons Tri Tons s Tons Trips Tona Irips Tons Trips Tons
913'82' No expansion in power plant 160,000 KW hT?)r:gUO J%F IT%OTOOO Tl'i; 9032330 s lﬁoggx’wmo 55 g,ooo 82 900,000 N i’g;g’% ; ggS’% 38 %gg.@ 9 %’525’0?08 9¢ %’ggm
~ 1,000,300 200, 000 H » ? 000
B owr plant expansion 4 10 e O i 16 10000 o 900000 Zh 1000l 1,275000 116 900,000 5 | 270,00 873,000 £ 100,000 9 1,715,000 107 1,875,000
D " » " ® 1975 to 580,000 KW 1,&75,000 13k 100,000 9 900,000 S5L 1,000,000 1,575,000 143 900,700 sh 2,175,000 31,105,000 67 100,000 9 2,005,000 121 2,105,000
TIDAL DELAYS AND VALUES THEREOF
FOWER FLANT ON COAL _ | FOWER PLANT ON OIL
Case A Case B Case C Cass D Cage A i Cage B Case C C Case D
Draft Tide Req'd Trips  Total Delay Trips Total Delay Trips To tal Delax Trips Total Delay ¢ Trips Total I?)elg Teips Total Delay Trip_s tal Delay Trips Total Delay
Av,Delay H
Present 25¢ Channel - 3 §
Inbound T=2 300 81 Lhe?2 Hrs, Sh 226,8 Hrs, 54 226.8 Hrs, 5h 226.8 Hrs. 5k 2268 Hrs, : Th 31003 Hrs 92 386.4 Hrs, 108 53,6 Hrs, i21 508,2 Hrs,
Inbound Collier  29° 8t k2 » 50 210,0 * 85 357.0 * 115 183,0 *® 13 600,6 = ¢ 9 37.8 9 37.8 9 37.8 * 9 37.8
Outbound T2 2k b 1.5 » Sk - 81,0 " 54 81,0 * Si 81,0 ® sk Bl.0 ® : Th 1.0 92 138,0 * 108 162,0 ® 121 1815 *
30t Channel .
Inbound Te2 308 5t 2.1 Hrs, 5L 3.4 v 54 N34 » Sh 3.4 A 113.4 * : Th 155, *® 92 193,2 " 108 226.8 : 121 25L.1 :
Inbound Collier 29 L 1.5 = 50 5.0 * 85 127,85 *® 115 172.5 Ly 2145 ¢ : 9 13:.?5 o 9 13,5 9 13,5 9 13.% .
Outbound T=2 24¢ or 0o ® 54 o ® &k o » 5h o LN o " s Th o @ 92 n " 108 o " 121 0
: . |
# Savings in Tidsl Delay Coal 13% Hrs.=$16,200  Coal 229.%5 Hrs.~$27,500 Coal 310,5 Hra=~§ 37,200 Coal 386, msm%é,gm : Coal 2l.3 Hra.»%ﬂ,?()o Coal 2L.3Hrs,~8 2,900  Coal 2hL,3Frs.-82,900 Coal 2L,3Hrs.=$2,900
Value 0il 194el® = ;h 000 0i1 19hok " « 34,000 0il 194L " Le000 04l gk b ® 1,000 ¢ 041266,k " L6,600  011331.2 * 8,000 0i1332.k * --% 011h438,6 6,200
Total %50, 700 s V300 : $15 5500 R ¢, $5100
32¢ Channel s
Inbound T=2 30¢ 3 1,1 Hrs. 54 59,k Hra, 5k 590l Hrs, 54 59.4 Hrs, 5k 59.4 Hrs, ¢ Th 81.LHrs, 92 101.2 Hrs, 108 118.8 Hrs, 121 133.1 Hrs,
Inbound Collier 29° 2 07 * 50 35,0 *® 8% 59,5 *# 15 80,8 = 143 1001 " t 9 6.3 ® 9 6.3 ™ 9 6.3 % 9 6,3 ®
Outbound T2 iy 0* o " ok 0o = 5l o ® 5h o = sl o ® s Th g = 92 o * 108 o @ 121 o =
Savings in Tidal Delay Coal tgshﬁrs.wszx,ooo Coal gﬁgof Hrs.,«@igszgg Coal kﬁzims.este 2300 Coal sgooimo-«sio »100 3 Coal ilﬁms°°$c3’§m coillh 31.5Hrs.=$3,800 Goﬁh 320?{1‘8 ﬁssg,aoo Goalslé}é.gﬁrse'& 3,800
Value 0112484 ® = 00 04l i ¥ e 081 284 * = 00 0il 2h8.L " = ! 0113h0.k " e E5.600  0i1h23,2 * 74,100 011l56,8 ¥ - 00 011556,6 * Q0
S%E“g—,,oo BT, 200 ﬁ%g"“‘, 00 $103, : 'é?"a;,t"‘i 00 fﬁ""’",s»oo E‘Eﬁb’ﬁ‘ 2200
35¢ Channel _ .
Inbound T=2 30¢ o 0 Hrs, 5L 0 Hrs, sk 0 Hrs, Sk 0 Hrs. Sl OHrs, 3+ Tk e Hrs, 92 0 Hrs, 108 O Hrs, 121 0 Hrs.
Irbound Collier 291 o 0 W 50 o " 8% o *® 115 o ® 13 o @ t 9 0 m 9 0o » 9 0 n 9 o ®
Qutbound Te2 2t ot o = 5k o " sk o " sk 0 = sh 0 w s 74 0 ® 92 0 ® 108 o ® 121 0O =
Saﬁngs in Tidal Delay Coal 210.0Hr3.°$25,200 Coal 35?00 Hmaﬂ-‘a’aoo Coal h83e@Hrs.°$58,0m Coal 600.&&39’#72’100 QCOal 37.81’!1“3.’3 h,SOO Coal 3?&8&'&0“@‘9500 Coal 3?.81‘1"30"6 h,EOG Cosl 370&Hr80"$ h,soo
Value 0il 307.8 * = 5;.%00 0il 307.8 " $3,900 0il 307.8 * = 00 0il 3078 " = Eéﬁoo £ 041689,7 * «120,700
Totsl 2100 593,700 $111,5 N : $

2 Te2 $175/hour
Collier $120/hour

0i1k21r.8 * < 73,800  OilsS2h.b * 1,800  0i1615.6 * 107,700
;73‘37:, 5 ¥ $T12,755
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SALEM HARBOR, MASS.

ESTTMATE OF BENEFITS BASED ON OIL 1/2 IN SUPERS, 1/2 IN T=2S

Super 28,0007 32 Draft Inbd, 267 Outbd
T .2 16,5007 30% Draft Inbd, 4% Outbd |
|
Power Plant on Coal Power Plent on Oil |
Cose A Case B Case C Case D Cese A Case B % Cese C Case D
Tide AV, Total Total To:al : g::al Total Total ; Total Potal
Draft Reg'd Dela Trips Dels; Trips Dela Trips Dels Trips Trips Dela Irips Dele Tripe Dels, Trips Dels
(Hrég (Hrs (Hrs (Ers (Egig (Hrs¥ (Hrsg ' (Er;{ (Hrsg
Present 25% Chammel ;
Inbound T-2 30 8¢ lo2 sy 226.8 S  226.8 5L, 226.8 5,  226.8 h 310.8 92 386.; 107 Lhgsdy 121 508.2
Inbound Collier 291 gt L2 50 210.0 gﬁ 357.,0 115 L483.0 143 600.6 9 37,8 9 378 ¢ 9 378 9 37.8
Outbound T-2 2 L 145 5,  81.0 1 Bl 5, 81.0 5h 810 7 1.0 92 138.0 | 107 160.5 121  18l.5
30t Channel |
Inbound Super 321 78 302 16 51.2 16 51.2 16 5l.2 16 51,2 20 70 27 86.4 32 102.4 %6 115.2
Inbound Tw2 30¢ Gt 2.1 27 5647 27 567 27 5607 27 567 37 777 hé  96.6 sl  113.4 6} 128,1
Tnbound Collier 29t e 1.5 50  75.0 85 127.5 115 1725 143 211-1-:5 9  13.5 9 135 9 135 9 13,
Outbound Super 26¢ 1¢ O.l; 16 bely 16 6ely 16 Soly 16 ) o2 8.8 27  10.8 32 12.8 26 11;3
Outbound T2 2t o 0 27 0 27 0 27 o 27 0 37 0 Lé 0 gly 0 61 )
Savings in Tidel Delay {In hours snd dollar valus) ' j
*Supers =576 =13,800 ~57.6 =13,800 -57.6 =13,800 -57.6 13,800 =792 =19,000 ~97.2 «23,300-115.2 «27,600-129.6 =31,100
w28 251.1 hg,ggg 251.1 g,ggg ggé.; L;;,Qgg ggléoiit ﬁz,ggg 312%.1 80,200 Lﬁ.& 71,900 1%6‘,5 86,900 5%.6 98,300
*Golliers 135.0 1 209.5 2 o ’ . 3 2,900 3 2,900 243 2,900 3 2,900
Totel TB300 $57-500 sm&w $T5.100 ™ G ol 00 *
32% Chennel |
Inbound Super %28 5t 2.1 16 32,6 16 336 15 23 o6& 16 3346 o2 Li6.2 27 5607 32 7.2 36 7566
Inbound T-2 20°% Zt 11 27 29.7 27 9.7 27 29.7 27 22T 37 Lo.7 L6 50.6 s,  59.4 61 67.1
Tnbound Collier = LI 0.7 50 350 85 59.5 115 80,5 143  100.1 9 6e3 9 643 9 63 9 603
Outbound Super 262 0 0 16 0 16 0 16 0 16 0 22 0 27 0 32 0 26 0
Outbound T-2 it o 0 27 0 27 o 4 0 27 Y 37 0 L6 0 5l o é1 0
Savings in Tidel Delay (In hours and doller value)
*Supers ~33.6 =8,100 =336 =8,100 ~33.6 =8,100 =35,6  ~8,100 -L6.2 -11,100 -56.7 -13,600 =67.2 =16,100 =75.6 =18,100
g, - 278.1 148,700 ga.; 1;31.8,";32 Egg.é ﬁg,;gg g’gg-; ﬁ.;fgg 381.1 66,;80 L73.8 82,900 55C.5 96,300 622.,6 109,000
*Colliers 175.0 21,000 £97. » . . : 31.5 3,800 31.5 3,800 31, 800 31, 800
Totel ; B3 $587500 $160700 ; s Y g o o
35¢ Chennel
Inbound Super 308 ot 0.7 16 11.2 16 11.2 16 11.2 16 11.2 2 154 > 18.9 o o 6 2
Tnbound T-2 30 0 0 0 0 0 0 0 0 0 0 0 0 o7 0 g 5h Z 250
Inbound Collier 0t 0 0 0 0 0 0 ¢ 0 0 0 0 0 0 0 0 0 0 0
Outbound Super 26¢ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OQutbound T-2 ot 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0
Sarings in Tidal Delsy (1 hours end doliar waiue) 2 2,700 «11.2 ~2,700 =11.2 ~2,700 =11.2 2,700 ol
*Supers wlls L] ,7 - ® b =" Thi e Bt =¥ -« ® =y “15 “3 700 "'1809 614..500 "’22014- -S’L‘_GO ™ o2 u6 Qo0
* P28 %07.8 53,900 307.8 53,900 307.8 53,900 307.8 53,900 421.8 73:800 s5aliy 91,800 609.9 106,700 6%.7 120:700
xColliers 210.0 200 357.0 ,800 183,06 58,000 600.6 72,100 37.8  L,500 37.8 4,500 37.8 1,500 37.8 L, 500
Total $76, $5L,,000 $109,200 $123,300 T, 500 FLB00 | 105,800 ng';gm'

Power Plant on 0il

Tenker Irips Due to Power Plemt Only

A 3355,000T
B 625,0007T
¢ 875,000T
b 1,105,000T
* Supers

¥ T = 2g

* Qolliers

1/2

T - 2
10
i3
27
3

$2L0 /nr
1
s

1/2

Supers
6
il
16
20
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6l. The average snnual benefits as computed in the preceding
paragraphs may be summarized as follows:

- Based on Petroleum Entirely in T-2 Tankers

Power Plant on Coal

" Present 1958 1963 1975
(xw) (xm) (mw) ~ (mW)
Power Plant Capecities 160,000 300,000  L440,000 580,000
. 30~foot chennel 50,200 61,500 71,200 80,300
Inorenment 30 to :
32-foot channel | 14,300 16,700 20,600 23,300
32.fo0t channel €&, 500 78,200 91,800 103,600
Inorement 32 to
. 35=-foot chamnel 14,600 18,500 20,100 22,100
35«f00t channel . 79,100 96,700 111,900 126,000

Based on Potroleum Gavried Half in T-2s, Half in 28,0007 Supers

30-~foot channel 46,300 57,600 67,400 76,1400
© Inorement 30 to
%2-fo0t channel 15, %00 18,700 21,500 ey, 300
32=£00t channel 61,600 76,300 88,900 100,700
Increment %2 to
35-foot chamel 1,800 17,700 20,300 22,600

35-foot chatmel 76,400 ol;,000 109,200 123,300 .

Based on Petroleum Entirely in T-2 Tankers

Powor Plant on 01l

_Power Plant Capaoities 160,000 300,000  L40,000 580,000

30-foot channel 49,500 60,900 71,000 79,100
Increment 30 o

32-foot channel 13,900 17,000 18,700 22,100
32~foot chamnel 63,100 77,900 89,700 101,200
Inorement 32 to '

35-foot channel 14,900 18,400 22,500 - 2,000
35-foot ohannel 78,300 96,300 112,200 125,200

Based on Petroleum Carried Half in T-2s, Half in 28,000T Supers

30-foot channel L)y, 100 51,500 62,200 70,100
Inocrement 30 to

%2-foot chanmel 15,300 18,600 21,800 2,600
32-foot channel 59,400 73,100 84,000 oL, 700
Increment 32 to

35~foot channel 15,200 18,700 21,800 2ly, 500
35-foot channel 4,600 91,800 105,800 119,200



62, Study of the comparative benefits due solely to reduction of
shipping delays in the harbor occasioned by waiting for tidal stapes to
afford sufficient depth of water in the channel reveals several factors
worthy of note. With petroleum commerce carried in T-2 tankers, the
benefits due to reductlon of tidal delays are practically equal regard-
less of whether the power plant uses coal or oil as a fuel. A shift to
the more economical bulk petroleum carrier, the 28,000 ton super-tanker,
tends to reduce the tidal delay costs to petroleum shipping, but the
reduction generally ranges less than 10 percent. This shift in size of
petroleum carriers tends to slightly reduce benefits due to reduction of
port tidal delays by channel deepening, and this reduction in tidal delay
benefits would be somewhat greater if the power plant uses oil as a fuel
rather than coal., Again the differences are minor, generally less than
10 percent, A significant fact however is that use of super-tankers in-
crecases the incremental benefit of the 30 to 32-foot channel deepening by
about 10 percent for all variables of power plant expansion and use of
coal or oil by the power plant, ‘

63. In addition to the benefits due to reduction of port tidal delays
that would be possible by channel deepening, there are also the much
greater benefits due to enabling use of the larger tanker, with attendant
massive economies, The 28,000 ton supertanker coming into predominance
in the petroleum tank fleet carries 60 percent more petroleum at about
30 percent greater cost than with the T=2 tanker.. The annual benefits to
petroleun coumerce in Salem Harbor range at about $1.20 a ton, or $0.20 a
barrel for all petroleum carried in supertankers. Transition of as little
as 10 percent of the petroleum traffic to supertankers would provide ane
nual benefits estimated at $108,000,about equal to the total henefits
derived from reduction of port tidall delays, These largs benefits due to
port capability to receive petroleum in suvmertankers accrue to any channel
of depth sufficient to permit use of such supertankers. With the tidal
range at Salem a 30~foot channel is considered practicable of navigation
by these supertankers., The transition to supertankers als¢ increases the
favorability of further channcl deepening to a 32-foot depth, but does not
materially affect the incremental benefits beyond that depth.

COMPARISON OF BENEFITS AND COSTS

6lie A comparison of benefits and costs for the various channel
depths considered, under the different conditions of harbor commerce,
follawss



COSTS

Channel Depths
30 30-32 32 32-35 35
First Cost
Federal $ 780,000 $320,000 $1,100,000 $600,000 $1,700,000
Losal 270,000 - 185,000 455,000 320,000 775,000
Total $1,6§6f666 ﬁgﬁgfﬁﬁﬁ az:ggsfaaa $9§df666 $§,57§f666
Annual Charges
Federal 8 30,000 $ 12,000 $ L2,000 $ 23,000 $ 65,000
Local 12,300 7,600 19,900 12,300 32,200
Total $ &?"_*,300‘ $ 1‘9‘,"66‘0 $ 6““'1,900 $ 35300 3300 $  §7500
efits Due S chbion of Port Tidal Dela
Based on Petroleum Being Carried Entirely in T2 Tankers
Benefits B/C Benefits B/C Benefits B/C Benefits B/C Benefits B/C
Ratio Ratio Ratio Ratio Ratio

Power Plant on Coal

Case A 50,200 1.2 14,300 0.7 61,500 1.0 14,600  Ook 79,100 0.8
B 61,500 1.5 16,700  0.% 78,200 1.3 18,500 0.5 96,700 1,0
C 71,2% li? 20’600 lol 91,800 105 20’100 006 111,900 102
D 80,300 1.9 23,300 1.2 103,600 1.7 22,00 0.6 126,000 1.3
Power Flant On Qil

Case A 49,500 1.2 13,500 0.7 63,00 1,0 15,000 Oubi 78,00 0,8
B 60,900 1.k 16,900 0,9 77,800 1.3 18,500  0.°% 96,300 1.0
C 71,000 1.7 18,700 1.0 89,700  1.h 22,500 O 112,200 1,2
D 79,100 1.9 22,100 1,1 101,200 1.6 2,000 0.7 125,200 1.3

Based on Half Petroleum in Super-Tankers, Half in T-2 Tankers

Power Plant on Coal

Case A : 16,300 1.3 15,300 0.8 61,600 1.0 14,800  O.h 76,100 048
B 57,600 1.4 18,700 1.0 764300 1.2 17,700 0.5 9L ;000 1.0
C 67,400 1.6 21,500 1.1 88,900 1.h 20,300 0.6 109,200 1.1
D 76,400 1.8 24,300 1.2 100,700 1.6 22,600 0.6 123,300 1.3

Power Plant On 0il

Case A hhi,100 1.0 15,300 0.8 59,100 1.0 15,200  O.h 7h,60C 048
B 5’.].,500 103 18’600 100 ?3’100 1.2 18’700 005 91,80{1 009
¢ : 62.200 1.5 21,800 1.1 8l,C00 1t 21,800 0.6 105,800 1,1



N

65, TIn addition to the benefits due to reduction of tidal delays,
there are much larger benefits that woultd acerus to channel deepening

" to any of the three alternative depths of 30, 32 and 35 fcet considered

in this report, These larger benefits would be due to enabling use of
supertankers in the harbor commerce, not now practicable tecause of

‘channel limitations. A shift of only 10 percent in the commerce frm

T-2 tankers to supertankers adds $108,000 to the amual benefits for
all variables of channel depth. A greater percentage shift, or transi-
tion of power plant fuel from coal to oil, would further increase this
annual. benefit due to savings in trensportation costs of the two types
of ship involved. The enefit~cost ratios due solely to this assumed
minimum change of 10 percent in character of shipping are 2.6, 1.7 and
1.1 respectively for the 30, 32, and 35-foot proposed chamnel depths,

These additional benefit cost ratios added to those due solely to re-

duction in port tidal delays would result in total benefit-cost ratios
for the 30, 32, and 35=-foot channels of .5, 3.3, and 2.} respectively.
The incremental ratios for the 30 to 32 foot deevening, and 32 to 35
foot deepening, remain unchanged at 1.2 and G.6.

664 No local cash contribution toward the cost of the immrovement
should he recuired as the benefits to be derived are pgenersl in char-
acter, However, local interests have provided and mainbtained an ap=
proach channel to the existing terminal in accordance with the require-
ments of local cooperation as set forth im the existing project. The
bernefils due to the proposed modification of the Federal project can
only be realized by an equivalent deepening of the approach channel,
Therefore lpcal interests should be required to provide an eguivalent
approach channel.

COORDINATLON WITH OTHER AGENCYIES

67 AlL Tederal, State and local agencies interested in the de~
velopment and use of waterways in general, and Salem Harbor in par-
ticular, werc advised of the public hearing which was held on Septem~
ber 22, 1949, The project was discussed several times with the United

‘States Coast Guard, The Massachusetts Departments of Commerce and

Pubiic VWorks were consuitted during the study.
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The South Essex Seworage District furnished estimates of the effect S
of the proposed improvement upon the existing sewers. T.ocal interests

have furnished satisfactory evidences of willinmmess and ability to

meet the requirements of local cooperation.

DI SCUSSI0N

68. Salem Harbor is one of the four harbors which are arms of
the large, irregular indentation in the shore of Massachusetts Bay,
11 miles southwesterly from Cape Ann and 12 miles northeasterly of
Boston Harbor entrance. The main ship channel with natural depths
in excess of 35 feet leads from the open ocean in a westerly direction
betwzen Bakers and Great Misery Islands to the outer harbor. From
a point in the outer harbor about 2 miles west of Bakers Island to
the Salem Terninal Wharf, a distance of about 3.6 miles, the channel
has depths decreasing from 35 to 25 feet. In the outer 1.7 miles of
this channel natural depths decrease from 35 to 32 feet, and within
a further distance of 500 feet up the harbor channel the natural
depths reduce to 30 feets The imnner 1.8 miles of chamnel have depths
of 25 feet or more, over a mile of this length being natural channel,
and the remaining inner portion having been dredged 25 feet deep and '
300 feet wide by the Unlted States and local interests. An approach
to the center of the City of Salem is wrovided by South River which
extends westerly from Derby Vharf{, located about 3,000 feet southwest
of Salem Terminal Vharf.

69, The llain Ship Channel serves the Ci%y of Salem, which is
the trading center for a population of over 184,000 living in the
North Shore area extending from Lynn to Cape Ann. The area is a
hizghly developed manufacturing center producing electric and radio
apparatus, boots and shees, leather, and foundry and machine products.

70. Salem Harbor was orizinally imnroved under the River and
Harbor Act of March 3, 1873, which authorized the dredsing to 8 feet
at mean low water, of an approach channel to South River. Subsequent
acts authorized further improvement of the South River Channel and
the dredging of the Main Ship Channel to 25 feet at mean low water
from the 25-foot depth curve in the inner harbor to a point 1500
feet from the Salem Terminal Vharf, a length of about 1500 feet.

The latter channel was compléted in 1931 and no maintenance has been
performed, The controlling depth in the Main Ship Channel 1s now
2 at mean low water.

7ls. The principal commerce in Salem Harbor 1s the transportation

of coal and petroleum products. Tor the period 19L5 through 1951,
inclusive, the tonnase averarged 318,000 tons anmually, of which about

0-3)_:,-'



275,000 tons was coal and about 43,000 tons was oil. $Since 1951, the

tonnage has increased to a total of over 1,180,000 tons in 1955, of
which about 575,000 tons was coal and about 604,000 tons was oil. This
present commerce consists of about 465,000 tons of coal and 20,000 tons
of 0il for the power plant constructed in 1951, and 92,000 tons of coal
and 578,000 tons of oil for industrial and commercial distribution.

The slight differences between these fimures of disposition of coal and
o0il and the figures quoted earlier in the paragraph showing receipis

+of ecoal and oil are unallocated additions to the stockpiles, This

inerease in total ‘annual tonnage therefore is due to two separate causes,
only indirectly related. The general commercial and industrial commerce
in fuels has approximately doubled, from 318,000 tons to 600,000 tons.
There has been a marked shift in the type of fuel making uwv this com-
merce, from 85 percent coal, 15 percent oil, to nearly 90 percent oil,
and about 10 percent coals On the other hand, the present commerce in
coal and oil to the power plant is entirely a new commerce, not existing
prior to 1951, The combination of the increased commerce in fuels for
industrial and commercial distribution, and the commerce in fuels to the
povier plant, results in a total net increase of about 300,000 tons of
coal, more than doubling the former commerce in that commodity, and an
increase of over 550,000 tons of oil, the precent commerce being roughly
1l times the former comaerce in this commodi ty,

72, The greater part of the increase in commerce in fuels for
commercial and industrial distribution is considered to represent a
shift in distribution pattern rather than increased consumption in
the area. This shift is not expected to continue to increase the
commerce at the rate of the past few years. Based on studies of the

long range increase in the consumption of petroleum fuels to be exe

pected in the State and repgion, an average increase over the 50 year
life of the project of 50 percent over the presen® petroleum commerce
has been used in estimating benefits accruing to the project, Regional
studies have also been made of expansion in electric power regquire-
ments, which in turn can be directly related to expansion in fuel
consumption in generatinz the power, These studies indicate an average
anmal increase of about 5 percent accumulative or compounded, such rate
of increase expected to be maintained at least for the life of this
project. The expansion of the Salem Power plant as planned by the

New England Power Company for 1958 and 1963 appears to conform to this
expanded demand, and it would appear that the demand will far exceed
the third expansion for this plant planned for 1975. These three

stages of planned expansion of the power plant would increase the annual
coal commerce of the port by about 385,000 tons in 1958, again in

1963, and again in 1975. These increases result in average increases



in commerca over the entire life of the project.of about 385,000
tons, 335,000 tons, and 305,000 tons, respectively. Since the
powar plant 1s designed to use elther coal or oil, the sffects
upon benefits of a posuble shift to oil have been analyzed.
Although the oil tonnage required to produce thermal equivelent

is only 75% that of required coal tonnagse, it has been found that
other factors cancel the decreased tonnage if ths power plant shifted
to oil, and that no net decrease in beneili.s would therefore occur
if the oil is carried in T2 tankers. If the petroleum is carried
half in supertankers, a minor decrease in benefits of less than
10 percent occurs. The benefits accruing to the projct have been
computed for the present capac:Lty of the power plant, and for each
of the three stages of expansion of its capacity as now planned by
the New England Yower Comoanyo

73. Prior to 1951 the draft of vessels using sSalem Harbor
did not exceed 25 feat. Since the development of the harbor as a
major oil port and the construction of the nswr power plant adjacent
- to Salem Terminal Thart > 't.he majority of deep-dralt vessels using
the harbor draw between 2¢ and 31 feget. Colliers in use have a
langth of about 453 feot, a draft of chout R¢ feet, and a carg
capacity of about 11,000 tons. . Tankers carryirne the bb.l of Lhe :
petrolevm commerce are generally of the =2 tyoe, with a len.th of
about 523 feet, a loaded draft of abcul 30 feet, and a curgo capa-
city of about 16,000 tcns. Tank ship construction in recent years
has been predominantly in larger than T-R tanker size. The harbor
shipping interests state logically that with the replacement of the
T-2 tanker, the oil commerce will bz carried in supertankers. The
more commen size of these larger tankers is about 28,000 ton capa-
city, 32-foot draft. : ' '

: 74. The Salem Terminal Viharf, the only deep-drait terminal in
Salem Harbor, is located &t the head of the natural deep water
cnannel into the harbor, and has become a “Wthrow h=put" terminal
for local fuel distributors. Ll the present time, about 15 narcant
of the coal received, and virtually ¢11 the oil roceived is destined
for dlstrlbu‘blon to nutlebs over a large arca, The wharf is tha
gource of .:uonly for two fuel distributing cowpanies and for the
Rew Snzland Power Company. 7The Pocahontas fuel Coupany, Tncor]*m ataed,
opnr:.tes the goal terminal and distributes commercial oil, amd the
Georpa e Pickering Company sells and truclks bituminous c,n 1 in the
imnediate area. The lew L‘nen,land Powar Company eleciric power
station, located adjacont to the Salem lerminal Company s Uharf,
prouentlv uges coal but 1s desigrned to vse Glt]lf‘-]"' coal or oil.
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75. 411 bituminous coal rsceived in the harbor'is brought to
the Salem Terminal Whar{ in deep-draft colliers drawing up to 29
fagt. 0il is brought to the Selem Terminal Yharf in T-2 tankers.
draving 30 feet, and to Pickering Wharf on South River in small self-
vropalled barges. Muture intercoastsl and foreign petrolewn traffic
i3 aexpected to be at least partially in supertenkers. Present depths
in the Nain Ship Channel reatrict its use by the majority of deep=-
draft colliers and T-2 tankers to the pericd of two hours before to
one hour after hirh water, and pravent the use of supsrtankers,
Desponing of the lMain Ship Channel vould reduce or eliminate tidal
delays presently incurred by the deop—draft colliers and T-2 tankers
entering Salem Harbor, thus reducing the cosls of fuel transportation
to the arsa. The alternative depths of channel improvement considered
will enable the use of supertankors, with the large shipping bensfits
attending use of these tankers. Inasmuch as oil and coal transported
to the harbor are destined for commrcial and industrial uses, for
- general retail distribution, and for use by the powsr station of the
New England Power Company, benefits accruing from the deepbnAng of ths
channel may be considered to be general in rature. slso since electric
pover rates in Hassachuselts are subject to rezulation by the State
Dapartmant "of Public Utilities, chaunel lmprovements wihich lower the
cost of fuel for the adjacent vwower station will ultimately affect
powsr rates in the area.

76. Iocal interesls bave requested the modification of the
existing project in 3alem lHerbor Lo provide a channel deuth of 20,
32, or 35 fzet snd preferably to gither 32 or 35 feet, to a point
100 feet from the face of the S5alsm Terminal Vhard, and the removal

of Mann Rock, located about 0.5 wile east of Juniper Point. That
part of the local proposal concerning extending the rFedsral projact
from its present limit 1500 feet off 3alem Terminal to the terminal
face is considered 1u bo contrary to established Federal policy that
approach chonmls to waterfront terminals are the responsibility of
local interests. At lhe hearing conducted in 1949, local inteércsts
further raquested the modification of the eiisting projict to provide
for the deepening of the South kiiver Channel, 3Sinco that tima, nowaver,
local interests have modified their requests, and now dasirz only the
completion and maintenance of the South River Channel to .authorized
project depth of 10 feol at mecan low water.

77+ Consiceration has been L)1\1011 to the provision of 30, 32, and

35 foot channels, each with a width of 300 faet, and oach e“*anu¢nb
from the raspectivo depth curve in the outer harbor to a point about
1500 feet [rom thn face of the Halam ‘Terminal Wharf where the present
25—foot Fedsral project eands. Cousideration hias also been piven to
the ramoval of Mann liock. 'The proposed improvemsnt of the Federal
channel contemplates and is nocassarily dependent upon syuivalent
improvemant by local interests of the terminal approach channel.



78, Salem Harbor is crossed by two sewer lines which pzass
under the ‘Main Ship Channal. 4 54-~inch cast~iron pipe force main
extends easterly from Juniper Point and is laid with the top of
the pipe 35 faet below the plans of meon low watlsr in the soction
below ths lain Ship Channel. 4 30-inch casgt-iron force main
extends from Jundper Cove and is laid with the toep of the pipe
31 feet below the plane of mnan low water in the section below tha
Main Ship Channel..  The owners of these sever lines state that it
will not be necessary for them to lower either line in tlie cvert
of an improvement of an improvement of the present channel to 30
feet at mean low water. Howsver, they state that dredging to this
depth would lsave the 30~inch pipe with practically no cover over
it and some damage might uc done to the line, They ostimate this
damaze should not exceed #20,000 ard this amount has bcen used in
the estimate of first cost. Dredging to 32 feet at meen low water
would necessitate the lowering of the 30=inch lins at an estimated
" cost to the ownarsg of [115,000. Dredging to 35 feet would necegsi=
tate the lowering of both sewer linss sl an estimated cost to ths

cwners of 325,000,

79. The various proposals for clhamsel deepening require
assumpiion by local interests of major costis to malm the harbor
improvemsnts offective. The costs of the alternative improverents
considered, and their allocation, are summarized as follows:

| . J0-Foot  32-Foot 35-F oot
First Cogts . ' _ © Channel '  Channel Channa 1
United States 8 780,000 £1,100,000 41,700,000
Local Interasts
Channel and wharf 250,000 340,000 450,000
Sewer , 20,000 115,000 325,000
Total local inbtersests tR70,000 7 455,000 1. 775,000
Total . 1,050,000 $1,555,000 2,475,000
inmial Charges
United 3tates 30,000 G- 42,000 & 65,000
Local Interests 12,300 16,900 32,200
Total €. 42,300 i 61, 900 a 97,:200

It will be noted that about 30 percont of the total costs arc to

be borne by local interasts. 7To date local interssta have expended
5426,000 on the deep—draft channel dnprovement as compared to ex-
perditures by the United States of 145,000, . Therefore a comparison
of total United States and local Pxpendliulos for chammal improvas
ronts, including the presently proposed channel deepsning, would

ha &g follows:



30~Foot 32~Foot 35-Foot

Chamsal Channel ~ Channel

. United States $ 825,000 $1,145,000 51,745,000
Local Interests . 696,000 881,000 1,201,000
Total #1,521,000  ¢2,026,000 $2,946,000

In addition local interests expendad #410,000 in 1951 on wharf construction
- which would make total local expenditures aboul equal to or exceeding thse
total United States expandiiure under any of the above alternative

chanrel improvements.

80, The benafites to be derived from the various channel improve-
ments vary widely, depending on several circumstances, including the
depth of chanmal provided, stage of power plant expansion, the use of
coal or oil as a fuel by the power plant, and the extent of shifting
of petrolesum commerce from the T-2 tanker to the larger tanker such
as the 23,000 ton supertanker., The benefits to be derived are of two
genmaral types, (1) reduction in port tidal delays, and (R) saving in
transportation cost dus to enabling use of the larger mors ec¢nomical
supertanker. Of these two types of annual benefits, ths forrer range
from %44,100 to {126,000, deperdent on channel depth provided4 stage of
power plant expansion, and use of coul or oil as a fuel by the powsr
plant. The latter annual benefits, due to anticipated transition to

the supertanker made possibls by the proposed chammel improvement,
" are much larger in marnitude, a shift of 10 percent in petrolsjum
commerce to supertankers resulting in an amual benefit of #108,000
if the power plant burns coal as a fuel, or up to $240,000 on ths
same percerilege shift if the power plant burns oil, The ratios of
benefits to costs vary similarly, and may be sumrarized briefly as
follows:

30-Foot 32-Foot; 35~Fool
Channel Chamel Channel,
Powar Plant on Coal
Neduction Tidal Delays 1.8 146 1.3
10% Shift to Supertankers 2.6 1.7 1.1
Total 4-4 3.3 2 ok
Power Plant on 0il
Reduction in Tidal Delays 1.7 1.5 )
10% shift to Suportankers 5.7 3.9 2.5
Total 7ol S5efp 37
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8l. Selsction of the proper channel depth to. b@ recommﬁnded

resultlng from the various channal deptha con31dered..

It is obv1ous,

of course, that the 30~foot chammel would be least expensive. The
comparison ig summarized below:
Chamnel Despening
From 30 to From 32 to
. 32 Toat 35 roat
Additional First Cost . ' ,
United States ‘ $320, 000 %600, 000
Local Intarests _ .
Channel and wharf 90,000 110,000
Sewer 95,000 210,000
Total local interestis . 185,000 - £:320,000
Total | 505,000 #1920, 000
Additional Annwal Charges
United States % 12,000 23,000
Local Interests 7,600 12,300
Total 4 19,600 % 35,300
sdditional Benefits
Fower Plant on Coal
Reduction Tidal Delays £ 24,300 $ 22,600
10% Shift to Supertankers 0 _ O
Total _ 5 24,300 s 22,600
Powar Flant on 0il*
Reduction Tidal Delays &b 24,600 L 24,500
107 Shift to & upertankers 0 0
Total % 24,,600 % 24,500
Incremental Bensfit—Cost Ratios 7
Power Plant on Coal 1.2 0.6
Pover Plant on Cil : L3 0.7

82+ ILocal interests have proposed the construction of a state
pier at Salem Harbor to meat the neocds of ihe expanding fish industry
of the surrounding area, A need for Harbor dovelopmant to serve
such a terminal has not heen demonstrated and there are no availabls
statistics nor data furnished which could be used as a basis for the
gvaluation of the requirements for instltuting a state pisr project.
The majority of local interests have stated that the provision of
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of additional channel facilities in Salem Harbor was necessary before
any consideration could be given to the erection of a state pier.

83, The Division Ingineer concludes that the existing 25~foot
chamnal in Salam Harbor is inadequate for the type of ships presently
engaged in the petroleum and coal trade, and precludes uss of the
supertankers which are rapidly replacing the T-2 tanker. He furthar
coneludes that the channel devnth should be 32 feet, as indicated by
the faveorsble ratio of benefits to costs for the increments of
channel depth wup to that depth, and unfavorable ratio of benofits
to costs for further deepening beyond that depth. %he Division Engi-
neer concludes that the modificatlon of the vroject should be to the
same limit as the exlisting Federal projoct, in the center of the
harbor about 1500 feet off Salem Terminal VWharf, snd for the improve-—
ment to be effective requires and is contingent upon provision by
local interests of an equivalent terminsl apreroach chammel and
manauvering area. The Division Engineer finally concludes that the -
total estimate of cost teo the United States of 41,100 OOO, vwith no
additional aids to navigation required, should be appropriated
gqually in two fiscel years to enable most economical construction
of the project.

LRECOLMENIATION

24, The Division Zngineer recommends that the existing project
for Saelem Harbor, lassachusetts, be modified to provide a chamel 32
feet desp at mean low water and generally 200 fest wide exterding
about 1,5 miles from deep water in the outer harbor to tha limit of .
the existing Fedsral project about 1500 fest of £ Salem Terminal
Wharf, and removal of Mann Rock to the same depth, continsent upon
provision by local intersasts of & terminal approach channel and .
MENBUVOTINE ared of eqUivATEHY dapth, all as shown on the maps

‘accompanying this report, at an g5timatad cost, 1o be borns by the

United States, of $1,100,000 for new work, wnthout additiconal aids -
to navigation being requlredg The cost to Lhe United Stataes of
annual maintenance in addition te that now required is estimated

to be 3,200, The project modification is racomménded subject to-
the iurther cordition that local intsrests provide without cost to
the United States all lands, aaqoments, and 1lghts—of—way nece%sary
£6F construction of the project, dnd Fold and save the United.
States irae from dama as dus to constructlon dnd nalntenanca of the
impmovemento

ROBERT J. FLEMING, JR.
Brigodier General, USA.
Division Engineer
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